Abstract: For many years, depressive disorder (DD) was considered a transient and natural disease of people´s mood. Its etiology had been attributed mainly to biochemical alterations of the monoamines and their receptors. Nevertheless, its prevalence and considerable impact on the family and social environment of those afflicted by it have placed the disease as a global public health problem. Neuroprogression is the term used to describe the changes in several psychiatric conditions evidenced and observed in the clinical manifestations, biochemical markers, and cerebral structures of the patients with major depressive disorder (MDD), which frequently overlap with neurodegenerative disorders. DD is considered a potentially aggressive state of neuronal deterioration involving apoptosis, reduced neurogenesis, decreased neuronal plasticity, and increased immune response. Clinically, it encompasses a poor response to treatment and an increase in depressive episodes, both of which bring about vulnerability and decline of functions associated with structural changes in the brain. The interest of this work is to review the metabolic processes involved in the morphologic alterations in the limbic system reported in patients with MDD, as well as the neurologic bases of this complex pathology that include environmental stress, genetic vulnerability, alterations in the neurotransmission, and changes in the neuroplasticity, all of which today bring into limelight a mechanism of progressive neuronal damage.
Introduction
Depressive disorder (DD) is a pathology of the mood that involves feelings of deep pain, anger, frustration, and loneliness that impede the patients from carrying on with their normal life. 1 It is one of the oldest psychiatric disorders of which there is evidence. Physiologically, it is manifested as chemical imbalance in the brain, a situation that constitutes the main affectation seen in more than half of the patients in outpatient psychological visits. Epidemiologically, it represents 13% of all mental illnesses, fifth in place as the cause of disability in the world and women:men affectation ratio of 2:1. It is characterized mainly by dejection, anhedonia (loss of pleasure), general disinterest, reduced energy or fatigue, sleep and appetite disorders, somatic discomfort, concentration and memory failures, feelings of guilt and low self-esteem, poor vision of the future, comorbidity with other diseases, and, frequently, the possibility of suicide; hence, its attention is of paramount importance. 2, 3 Long before the birth of psychiatric medical specialist, the origin of DD and its treatment, just like the rest of mental disorders, were based on magic and empirical environmental therapy. Nevertheless, in the mid-20th century, the debut and confirmation of the monoaminergic hypothesis, implicating serotonin neurotransmitters (5-HT) and noradrenaline (NA), in the treatment of depression gave way to authentic search for drugs that would specifically act on one or both monoamines. 4 This hypothesis postulated that the pathophysiologic basis of depressive behavior has, as its pivot, the relative or absolute decrease of these monoamines in the synaptic space as a result of either the insensitivity of their receptors, decrease in their vesicular storage, or their removal from the synaptic space. 5 5-HT, an indolamine synthesized from tryptophan, together with the catecholamines (NA, adrenaline [A] , and dopamine [DA] ) synthesized from tyrosine are concentrated within vesicles in the terminal region of the neurons. From here, they are released into the synaptic space during the process of nerve transmission. The action of 5-HT ends when it is recaptured and degraded by monoamine oxidase (MAO) enzyme located in the outer mitochondrial membrane of the neurons and glial cells. 6 This evidence was based on the development of medications for the treatment of DD. Its therapeutic approach was built on accidental discovery during the clinical trials of iproniazid, an antituberculous inhibitor of the MAO, which, like the tricyclic drugs, increased the availability and the excitatory effects of neurotransmitters in the reward and pleasure centers of NA and 5-HT systems located in the hypothalamus and in the surrounding areas of the limbic system. The end result of this increase is manifested in "mood elevation". It was in this way that in 1950, the first antidepressant drug, fluoxetine, a selective serotonin reuptake inhibitor, came into being. Shortly after, imipramine, a tricyclic drug derived from chlorpromazine with better antidepressant activity, was discovered. This discovery led to the development of numerous antidepressant drugs such as fluvoxamine, paroxetine, sertraline, and citalopram that function as inhibitors of the reuptake of 5-HT, NA, and selective of the MAO. 7 Subsequently, the discovery of the reversible MAO inhibitor, moclobemide, and 5-HT and DA reuptake inhibitor, bupropion, was made. In the 1990s, mirtazapine, a drug with combined effect on noradrenergic and serotoninergic receptors, as well as reboxetine, an NA reuptake inhibitor, and later the dual drugs, venlafaxine and duloxetine, were developed. The last two are called duals for their double inhibiting action on the reuptake of both 5-HT and NA. Currently, clinical psychiatry has more than 30 highly effective advanced agents such as agomelatine, a melatonin agonist, for use in the treatment of DD. 8 
Therapeutic response
The treatments administered in the initial phase of DD with antidepressants have a relative efficacy of 23% in a period of 6-8 weeks, although 70% of the patients diagnosed with major depression do not achieve a response and this lack of response has been associated with poor functional evolution. 7 It is proposed that one of the mechanisms of action of antidepressant drugs occurs through the increase of brainderived neurotropic factor (BDNF), which decreases with the presence of corticosterone.
The study of the endogenous origin of DD has revealed the existence of a complex interaction between genetic, epigenetic, and psychosocial factors associated to a physiologic decompensation of the nervous, endocrine, and immune systems. It has been observed that the first depressive episodes appear after some stressful events in which half of the patients depict increased cortisol accompanied by hypothalamic-pituitary-suprarenal (HHS) gland axis dysfunction; elevation of inflammatory and oxidative stress (OS) indicator parameters; and in critical cases, alteration in brain morphology.
9,10

Structural changes
Brain imaging studies applied to patients with MDD have demonstrated a selective structural change of several neuronal circuits that bring into evidence deterioration in cell plasticity and resilience. 11 The findings reported indicate that, different from other pathologies such as Parkinson's and Huntington's diseases where the alterations are located in a specific region of the brain, DD involves a complex set of structures that form the highly organized circuits involved in the control of reactions to stress, memory, attention, sexual instincts, and to the construction of emotions such as pleasure, fear, aggressiveness, personality, and behavior, 12 which are found to be hyperactive in stress responses. 13 The most obvious structural changes in the brain of depressed patients are a decrease in the integrity of the white matter and frontal cortex, reduction in the volume of the frontal lobe, prefrontal orbital lobe, circumvolution of the frontal corpus callosum, as well as in the complex set of structures and neuronal circuits of the limbic system involved in the control of reactions to stress, memory, attention, sexual instincts, and to the construction of emotions such as pleasure, fear, aggressiveness, personality, and behavior. 12, 14 The limbic system is composed by limbic cortex, cingulate gyrus, parahippocampal gyrus, hippocampal formation, dentate gyrus, hippocampus, subauricular complex, amygdala, septal area, and hypothalamus. 12 The main neuroanatomical circuits involved in the regulation of the mood are considered to be: 1. the limbic-thalamic-cortical circuit, which includes the amygdala, the dorsal-medial nuclei of the thalamus, and 
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The hidden mechanism of depression 2. the prefrontal cortex, both medial and ventrolateral as well as the limbic-striated-pale-thalamic-cortical circuit. 15 During the depressive crisis, the most obvious changes are reported in the hippocampus and amygdala. It has been suggested that the reduction in the hippocampal volume is as a result of neuronal loss caused by certain neurotoxic effect triggered by glucocorticoids, because hippocampal volumes are considerably smaller in the patients when compared with those in remission. 16 The hippocampus is formed by three distinct zones organized in bands that go from the anterior to the posterior part within the temporal lobe. These bands together form a cylinder. Apart from being involved in adult brain neurogenesis, they express numerous receptors of glucocorticoids and have multiple connections with prefrontal cortex and amygdala. The amygdala is connected to the hypothalamus and laterodorsal tegmental nucleus responsible for the activation of DA, NA, and A neurotransmitters. As the disease progresses, relapses that damage the overall functioning increase the recurrence to hospitalization with decreased response to pharmacologic treatment.
The initial physiologic explanation of this condition has been attributed to endocrine desynchronization involving the following mechanism:
After a stressful stimulus, the neuropeptides, corticotropinreleasing factor (CRF), and arginine-vasopressin (AVP) activate the hypothalamo-pituitary-adrenal (HPA) axis to produce and release adrenocorticotropic hormone (ACTH). This hormone stimulates the suprarenal glands to synthesize and release glucocorticoids, mainly cortisol in humans and corticosterone in animals. The glucocorticoids are responsible for inhibiting, by negative feedbacks, the secretion of CRF and AVP by the hypothalamus and, therefore, the secretion of ACTH by the pituitary gland. In depressed patients, this response does not function normally ( Figure 1 ). This abnormal functioning usually leads to the establishment of constant and elevated levels of cortisol that triggers an overstimulation of this axis and provokes a series of alterations in the metabolism of serotonin and DA ( Figure 2 ). 17 A mitochondrial energy dysfunction favors the presence of OS and proinflammatory processes with a repercussion in neurogenesis and brain plasticity.
The negative impact of the hypercortisolemia in the monoaminergic transmission of 5-HT, NA, and DA is due to the disruption of their receptors located in the limbic regions (prefrontal cortex, amygdala, hippocampus, and hypothalamus) that are extremely sensitive to the hormones released during stress. 18 Cortisol induces an increase in the expression of the gene encoding serotonin transporter, associated with a subsequent elevation of its reuptake, 19 and a substantial increase in its uptake by the peripheral blood lymphocytes and cortical brain cells. Serotonin exerts an important action in the mood, behavior, movement, pain appreciation, sexual activity, appetite, endocrine secretion, cardiac functions, and sleep-awake cycle. 20 The catecholamines (NA and DA) play an integral role in DD pathophysiology. NA is a neuromodulator that activates the amygdala and thereby favors aversive behavior and fear, while DA is associated with effective motor functions and neuroendocrine regulation. [21] [22] [23] The relevance of these neurotransmitters is based on the success obtained from the tricyclic drugs and the MAO inhibitors used in the treatment of DD. These drugs increase the availability of catecholamines and indolamines, thereby favoring their dispositions in the reward and pleasure centers of the hypothalamus and the surrounding areas. 24 Nevertheless, even when the antidepressants block the reuptake of the neurotransmitters within hours after their administration, the effects appear weeks after, 25 thus indicating the participation of other mechanisms such as the 
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Labra Ruiz et al insensitivity of the receptors or failure in their expression for genetic predisposition. 26 Within the genetic causes of depression, a good number of studies have arrived at the conclusions that:
The disease does not follow the classic pattern of Mendelian inheritance but consider that it follows a susceptible threshold model. It is considered that there is a certain "susceptibility for the development of the disease" distributed randomly in the population, in such a way that only those who exceed a certain threshold of this variable will manifest the disorder. 27 The non-Mendelian genetic predisposition found in the allelic variants of some patients is related to the synthesis and expression of genes encoding proteins involved in the synthesis of tyrosine hydroxylase enzyme that limits DA synthesis. 28 The findings have shown allelic variants in the genes encoding the serotonin receptors called "s" and "l" alleles (s for short and l for long) that represent the short and long versions of the gene. The "s" version is associated with low transcriptional efficiency of serotonin transporter compared with the "l" version, in such a way that in situations of high stress, people "s"/"l" or "s"/"s" are more disposed to develop a DD than people "l"/"l". The failure in chromosome 3 has been associated with severe depression. 29 Other genes responsible for encoding for the synthesis of neurotransmitter-metabolizing enzymes such as MAO A and catechol-O-methyltransferase and the sirtuline-1 genes coupled with phosphor lysine phosphor histidine located in chromosome 10 involved in the mitochondrial formation 30 have been implicated, although their failure seems to be indirectly affected by other mechanisms like OS, which will be discussed later. The brain is constantly in a dynamic process imposed by new challenges that vary with the sensory inputs from the environment. One such process is neuroplasticity, which is the ability of the brain to form and reorganize synaptic connections to respond to injury, new knowledge, or experience. Sometimes this process achieves greater efficacy through stimulation and on other occasions lower or even null efficiency due to processes of neurodegeneration. Another such process is the establishment of alternative interconnection pathways that overlap with neuronal degeneration commonly called neurodegeneration. 31 The physiologic changes related to the dynamics of adaptation to the environment and to stress, which are cumulative and involve small and constant changes in the central nervous system structures, were observed and described at the beginning of the decade of the 1990s by Robert Post. 32 Post suggested that the physiology of the behavioral disorders could be understood as neuronal modification characterized by its chronic, phasic, and progressive course, associated with the physiologic process of cellular aging that from syndromic, symptomatic, and functional point of view makes it difficult to return to the previous state after each episode. 33 The likelihood that these modifications were involved at the neuroplasticity level and not only in the imbalance of neurotransmitters or of the expression of their receptors in the development of DD led to investigation of other mechanisms that could include neurotrophic factors, inflammatory events, and even OS.
34-36
Neuroprogression
The brain is constantly reorganizing by neuroplasticity and tries to achieve greater efficiency through neurodevelopment 
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The hidden mechanism of depression but on occasions, it establishes inefficient and incorrect alternative interconnection routes in phasic and progressive process called neuroprogression. 31 Strictly speaking, neuroprogression is defined as neuronal changes that include mild degenerative processes, intracellular signaling dysfunctions, apoptosis, and decreased plasticity and neurogenesis. This process, which begins with mild onset, exacerbates with every passing crisis episode and with time provokes loss of cognitive abilities such as memory and decisionmaking. 37, 38 In depression, the reduction in the size of frontal lobes, prefrontal orbital cortex, circumvolution of the frontal corpus callosum, hippocampus, and amygdala seems to reflect a decrease of neurogenesis, mitochondrial dysfunction, and an imbalance in HHS axis in depressed patients. The neurons of these regions in DD patients present failed reorganization or lesser efficacy in neuronal plasticity than atrophy or death. 39 In this disorganization, there is a fundamental imbalance of the glial function, because such disorganization affects the level of cerebral microcirculation and control of excitability, and it is reflected in loss of glia-neuronal interactions, the amount of synapsis, and regulation of neurotransmitters, especially the monoamines in the brain areas that regulate emotions. Faced with a signal of inflammation, the neurons generate nitrogen and oxygen reactive species (RS) and secrete inflammatory cytokines the paracrine effect of which establishes a continuous circuit of self-activation. 40 The induction of the microglial activation is involved in the deviation of metabolism of tryptophan to kynurenine, in the stimulation of the HPA axis and in the resistance to glucocorticoid receptors. This process known as reactive gliosis leads to a morphologic change of the cell body of the microglia, making their cell bodies to enlarge and the dendrites to become thicker or to be completely eliminated when the cell becomes amoeboid, thus reducing the number of its branches. When there is reactive gliosis of the astrocytes, the synthesis and release of neurotrophic factors necessary for the survival, differentiation, cell growth, and regulation of glutamate are progressively reduced due to the loss of their transporters -EAAT 1 and EAAT 2 -in the gray matter. 41 The serotonergic system, in particular, seems to have a more active participation in the neuroprogressive process because it usually acts like neurogenesis-stimulating factor by the expression of BDNF. 42 This factor promotes inflammatory mechanism, thus activating the monocytes and NK cells. It indirectly regulates the production of interferon gamma (IFN-γ) by establishing cytotoxicity. Serotonin also triggers the release of corticotropin-releasing hormone by the hypothalamus and in this way activates the HHS axis to favor the liberation of cortisol into the bloodstream. 43 This is why its synthesis and brain levels have a delicate regulation.
The decrease of 5-HT levels in DD can be affected by two scenarios that usually bring about a reduction in neurogenesis. These two scenarios are as follows:
inhibition of serotonin synthesis
When hypercortisolemia is sustained, the serotonin synthesis is inhibited through the stimulation of tryptophan 2,3-dioxygenase (TDO) enzyme located in the brain macrophages and microglial cells. 44 The activation of TDO results in the production of several neuroactive metabolites from the kynurenine pathway and from some neurotoxics such as 3-hydroxykynurenine, 3-hydroxyanthraic acid, and the quinolinic acid. 45 Quinolinic acid is an agonist of the glutamatergic NMDA receptors and favors the glutamatergic stimulation observed in proinflammation. 46 It is believed that the activation of the inflammatory pathways in the brain contributes to the neurotrophic process through excitotoxicity and OS. 38 The presence of free radicals (FR) generated by the excitotoxicity and OS interferes with the signal transduction systems, because the membrane receptors are highly sensitive to lipid peroxidation. This causes a reduction in the density of the receptors, thus affecting the coupling mechanisms between the binding of the ligands α and β adrenergic, cholinergic, and serotoninergic (5-HT1A, 5-HT1B, and 5-HT2), 47 through lipoperoxidation and apoptotic mechanism leading to the loss of glial elements. 48 The excitatory action exerted by the quinolinic acid within the microglial triggers the participation of substances with immune-mediating activity and of the neurotransmitters such as prostaglandins, excitatory aminoacids, and nitric oxide.
Participation of proinflammatory cytokines
The participation of proinflammatory cytokines in DD was proposed by Smith 63 in his "macrophage theory of depression" and later studied by Maes 64 in the beginning of the 1990s. According to the theory, patients with severe clinical depression have an acute inflammatory phase response that explains the increase in blood concentration of proinflammatory biomarkers that are responsible for the different clinical aspects of depression such as hyperactivity of the HHS axis and altered metabolism of the serotonin and NA. 49 The proinflammatory cytokines, mainly ILs, alpha and beta IFNs, and tumor necrosis factor (TNF), are capable of modulating the functioning of macrophages, glial and 
2842
Labra Ruiz et al endothelial cells, and even neurons, because these cells possess specific receptors for these signaling molecules. 50 It has been described that IL-1β and TNF-α are involved in behavioral manifestation of depressed patients. 51 These molecules trigger a cascade of reactions that re-enforce the glutamatergic actions by inducing the activity of extrahepatic 2,3-dioxigenase enzyme present in the macrophages, dendrites, and in all the brain tissues. This induction favors the degradation of tryptophan toward the production of kynurenines, thus reducing serotonin levels. 52 While IFN-γ abates the expression of serotonin 5-HTA1 receptor and participates in the regulation of DA synthesis, INF decreases the concentrations of tetrahydrobiopterin (BH4), a co-factor necessary for the synthesis of dihydroxyphenylalanine -an immediate precursor of DA.
The reduction of DA has an impact on the increase of nitric oxide (NO) by activating BH4-dependent nitric oxide synthase enzyme in the microglial. NO is a gaseous neurotransmitter that stimulates the glutamatergic system that at low concentrations acts as second messenger in the release of DA and NA, but causes nitration and hypernitrosilation (R-N=O) of amino acid and proteins when it exceeds the physiologic limit and this favors an excessive formation of other extremely reactive substances such as NO-tyrosine, NO-tryptophan-NO-arginine, and NO-serum albumin. 53 Frequently, DD is accompanied by digestive tract inflammation due to the increase of gram-negative enterobacteria such as Pseudomonas aeruginosa, Morganella morganii, Pseudomonas putida, and Citrobacter koseri. This intestinal microbiota forms part of a complex network called microbiota-gut-brain axis that influences the local immune response by stimulating the synthesis of IgA and IgM directed toward bacterial lipopolysacchrides and reactive aminoacids such as NO-tyrosine, NO-tryptophan, and NO-arginine. It also participates in the release of enteroendocrine neuropeptides and hormones, thereby favoring the synthesis and release of neurotransmitters and short-chain fatty acids. In addition, it contributes in the activation of HPA axis. 54 The activation of proinflammatory pathways in the brain contributes to neurotrophic dysfunction associated with anatomical brain modification through mechanisms of excitotoxicity and OS.
excitotoxicity and OS
The excitotoxicity refers to overstimulation of inotropic receptors of glutamate and kainic acid both of which are capable of unbalancing the calcium ion entry into the neurons, thus activating the enzymatic degradation of membrane proteins, and favoring the synthesis of nitric oxide (NO) and the generation of FR. 55, 56 In normal conditions, the FR are the result of mitochondrial and peroxisomal metabolism. They also come as byproducts derived from the activation of MAO, an enzyme involved in the deactivation of the monoaminergic neurotransmitters (serotonin, DA, NA, and A) involved in the physiopathology of depression. 36 They also play an important role in the regulation of several processes such as apoptosis and phagocytosis, the activation of some transcription factors and the signaling pathways in the organism, 57 and, with the immune system, inactivation and elimination of pathogenic agents (virus and bacteria).
OS is closely related with mitochondrial dysfunction and electron (e − ) transport. An interruption in the transport of e − leads to a decrease in ATP production and oxidative damage in the membrane lipids, proteins, and nucleic acids, which brings about the activation of apoptosis. The damage exerted in the cell membranes alters the cytoskeleton and modifies the interactions between glial and neuronal cells. Moreover, it has an impact on proliferation and differentiation that are necessary for survival (neurogenesis) and neuroplasticity.
The oxidative damage affects the expression, folding, and secretion of the so-called brain-derived neurotrophic factor and type 1 insulin growth factor, the levels of which are reduced in the serum of patients with depression and bipolar disorder. Sustained increase of oxidative stress (OS) and excitotoxicity by glutamate stimulates the action of nuclear transcription factor κB activating the production of IL-6 and IL-8, thus establishing a circuit of inflammatory, excitotoxicity, and oxidative damage. 57 Given the damage generated by OS, astrocytes try to attenuate the inflammatory and apoptotic response through various neuroprotection pathways. In the last decade, the protection and secretion of erythropoietin detected in the hippocampus, the internal capsule, the cortex, the mesencephalon, and the cerebral endothelium of patients with MDD have been proposed as a neuroprotective mechanism due to erythropoietin function as growth factor and promoter of neuroplasticity. Erythropoietin belongs to the family of the cytokines and in the nervous system exerts an autocrine, paracrine, and endocrine function. Its effectiveness is aimed at blocking apoptosis and at attenuating inflammatory response. 58 The overproduction of cytokines impacts on the production and release of neurotransmitters. The consequence is 
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The hidden mechanism of depression an alteration in the density of packaging of neurotransmitters, decrease of neuronal size, and reduction of cortical glial cell number that coincides with the neuroanatomical findings characterizing DD. The imbalances generated by mitochondrial dysfunction cause a greater generation of RS, which stimulate the microglia to synthesize proinflammatory cytokines, establishing bidirectional communication that is exacerbated with each depressive episode. 55 Currently, the chronic activation of microglia is an indicator of neuroprogression in patients with MDD associated with overexpression of the translocator protein located in the external mitochondrial membranes. This 18 kD protein is associated with a longer duration of untreated diseases in patients with MDD. While the production of RS within the mitochondria stems from a decrease in the efficiency of antioxidant cellular defenses as well as from the alteration in calcium homeostasis in the organization of the membrane, the endoplasmic reticulum tries to offer an adaptive response or directed protection to restore the homeostasis within the cell through the mechanism described as "unfolded protein response (UPR)" the main objective of which is to prevent apoptosis. However, when the stress stimulus is prolonged, the UPR-related pathways can interact reciprocally with immunoinflammatory, neuro-oxidative, and neuro-nitrosative mechanisms, which are believed to play an important and shared pathophysiologic role that potentiates the neurodegenerative process. 59 The different neuronal cells vary in their morphology and biochemical characteristics. Because of this diversity, each neuronal population has a unique molecular composition that determines its vulnerability to OS. Within these differences is the observation that different subpopulations of the hippocampus, substantia nigra, and neurons of the cerebral and cerebellar cortices are more susceptible to OS. 60 The clinical reports of depressed patients show a high index in the systemic markers of OS and proinflammatory cytokines, which correlate with the severity of the crisis.
Neuroprogression/neurodegeneration
These two processes are accompanied by mechanisms of inflammation, OS (O and N), and metabolic disorder.
Strictly speaking, neuroprogression is defined as the neuronal changes that include apoptosis, intracellular signaling dysfunction, and decrease in plasticity as well as in neurogenesis, which generate a pathologic reorganization. These processes have a mild onset in the diseases of behavior and are gradually exacerbated in each episode of crisis.
Neurodegeneration, on the other hand, is characterized by mild changes in the motor, sensory, or cognitive neuronal populations that, over time, become chronic, affecting the neuronal functions and advanced age-associated behavior in individuals. 61 All neurodegenerative disorders involve abnormal processing of neuronal proteins. The protein particle that is incorrectly processed determines the malfunction of specific set of neurons and, therefore, the clinical manifestation of the disease. 62 expectatives Currently, MDD is recognized as an accelerated and aggressive, neurotoxic, and neurodegenerative process that incapacitates the patient. This neuroprogressive mechanism involves multiple and complex interactions between the nervous, endocrine, and immune systems including genetic and environmental factors, inflammatory processes, presence of OS, neuroprotection deficit, and failed or incorrect reorganization in the neuroplasticity. The end results are poor response to treatment and increase in depressive episodes with the latter being the principal cause of the decline in cognitive and behavioral functions.
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